Abstract: We report the first experimental demonstration of thermal "ghost" imaging. Similarly to the case of entangled states, a two-photon Gaussian thin lens equation is observed. Differences and similarities to entangled "ghost" imaging are discussed.
In this paper [8] we wish to present the first experimental demonstration of two-photon "ghost" imaging with thermal radiation. In particular, we show that a thermal source is able to simulate one of the main features of entangled two-photon imaging: the two-photon Gaussian thin lens equation. No two-photon thin lens equation, which is a symbol of position correlation, can be found by replacing SPDC with a source of photons classically correlated in momentum [4] . Object plane and image plane obey a "two-photon gaussian thin lens equation" and are defined by sO = dB-dA and si = d'B, respectively. In terms of Klyshko's picture, the thermal source acts as a phase conjugated mirror forming a "pseudo-object" in the e plane.
The experimental setup is shown in Fig. 1 (a) . After the pseudo-thermal source [9] , a non-polarizing beam splitter (BS) splits the radiation in two distinct optical paths. In the reflected arm an object, with transmission function T(YI), is placed at a distance dA from the BS and a bucket detector (D1) is just behind the object. In the transmitted arm an imaging lens, with focal length f, is placed at a distance dg QThD2 from the BS, and a mnultimiode optical fiber (then connected to detector D2) scans the transverse plane at a distance d4 froin the lens. The output pulses from the two single photon counting detectors are then sent to an electronic coincidence circuit, to measure the rate of coincidence couints.
The rate of coincidence counts is governed by the second order Glauber correlation function [10] :
where E(-) and E(+) are the negative-frequency and the positive-frequency field operators describing the detection events at the space-time locations (ij, tl) and (ri, t2). For the setup of Fig. 1 , it can be showni that for any values of the distances dA, dB, and d4 which obey the equation:
The transverse second order correlation function (at equal times) can be simplified as [8] :
where T(dA dRz2) is the object transmission function (T(fj)) reproduced on the D2 plane. We can then conclude that a thermal source allows reproducing in coincidence measurements the "gghost" image of an object, similarly to the SPDC case, except for a constant background noise. The constant background noise, first term in Eq. 3, is proportional to the total transmittance of the object and, therefore, can be simplified to N, the number of tranisparent features in the object plane [8] . Eq. 2 can clearly be interpreted as a "twophoton Gaussian thin lens equation", in which the object distance is so dB-dA and the image distance is si = d4 (see Fig. 1 (b) ). We expect to observe an inverted image magnified by a factor of AM = si/s0.
The discovery of general laws in physics allows considering pictorial representations which may turnl out to be powerful but still simple predictive tools. In this sense the ray diagram techniquie of geonetrical optics is exenmplar, as well as its natural extension to entanigled two-photon optics: Klyshko's picture [2] . The results presented in Eq. 2 and Eq. 3 also offer the possibility of considering a generalized Klyshko's representation (see Fig. 1 (b) ).The diagrain of Fig. 1 (b) also shows that while in the Klyshko's picture for SPDC the source behaves as an ordinary mirror, here the thermal source behaves as a phase conijugated mirror; this is due to the definition of the object distance so = dB-dA. This interpretation indicates the presence of a "pseudo-object" in the plane a, as shown in Fig. 1 (b) ; scanning this plane the "pseudo-object" was actually observed (see also Fig. 2) .
In order to demionstrate such predictions, we first verified the existence of a point-to-point correspondence between object and image plane. The setup is the samne as that of Fig. 1 , but we used the 60inm-diamleter input aperture of an optical fiber as the object (whose output was then coupled to detector Dl). We collected three sets of data for three different positions of the fiber in the object plane; in every measurement we kept the position of the fiber fixed and scanned detector D2 in the transverse direction. The results are shown in Fig. 2: any shift of the fiber in the object plane causes a shift of the correlation function in the opposite direction, in analogy to standard geometrical optics. In particular Fig. 2 shows that shifting the fiber in the object plane by 2mm the correlation function shifts by 4.3mm. Hence, the magnification in the imaging plane is Mmeas = 2.15, which is very close to the expected value (Mexpect = 2.16). The achieved visibility is 26%. Then we placed a double slit in the object plane and repeated the measurement. The results are shown in Fig. 3 .
As expected, the single counlts are flat, while the coincidence counts reproduce the magnified inmage of the double slit. The visibility drops to about 12% as expected by Eq. 3.
In conclusion, we have presented the first experimental demonstration of twvo-photon ghost imaging with thermal-like sources. For the first time a "two-photon Gaussian thin lens equation" is founid for nonentangled sources. Practical applications of thermal "ghost" imaging rely on the developmenit of a detection scheme which is insensitive to the background noise. Such detection scheme is now under development in our laboratory. 
